The purpose of the present investigation was to systematically review randomized controlled trials examining the effects of psychological interventions on inflammatory biomarkers in adult populations and to quantitatively analyze those effects by meta-analysis. Two researchers independently searched key electronic databases, selected eligible publications, extracted data, and evaluated methodological quality. Nineteen randomized controlled trials examining a total of 1510 participants were included. The overall combined effect size from pre to post psychological intervention on pro-inflammatory biomarker levels was statistically significant, showing an attenuating effect, although of a small magnitude (s' g = 0.15, p = .008, CI [0.04-0.26]). However, this effect was not maintained into the follow-up period (g < À0.01, p = .964, CI [À0.19-0.18]). Looking at the individual biomarkers assessed across studies, only C-reactive protein (CRP) was found to significantly decrease following psychological intervention. A number of moderation analyses were conducted, none of which reached statistical significance. However, the numerically largest -and significant -within-group effect size was obtained for the group of studies that had preselected participants based on elevated psychological distress (g = 0.29, p = .047).
a b s t r a c t
The purpose of the present investigation was to systematically review randomized controlled trials examining the effects of psychological interventions on inflammatory biomarkers in adult populations and to quantitatively analyze those effects by meta-analysis. Two researchers independently searched key electronic databases, selected eligible publications, extracted data, and evaluated methodological quality. Nineteen randomized controlled trials examining a total of 1510 participants were included. The overall combined effect size from pre to post psychological intervention on pro-inflammatory biomarker levels was statistically significant, showing an attenuating effect, although of a small magnitude (s' g = 0.15, p = .008, CI [0.04-0.26]). However, this effect was not maintained into the follow-up period (g < À0.01, p = .964, ). Looking at the individual biomarkers assessed across studies, only C-reactive protein (CRP) was found to significantly decrease following psychological intervention. A number of moderation analyses were conducted, none of which reached statistical significance. However, the numerically largest -and significant -within-group effect size was obtained for the group of studies that had preselected participants based on elevated psychological distress (g = 0.29, p = .047).
In conclusion, psychological interventions appear efficacious in reducing pro-inflammatory biomarker levels. Future studies are recommended to carefully select individuals based on inflammatory (e.g., the presence of low-grade inflammation) and/or psychological (e.g., psychological distress) criteria.
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Introduction
Inflammatory processes are increasingly recognized to be important contributors to both mental and physical illness (Li et al., 2017a,c; Slavich, 2015; Smith et al., 2018) . For instance, systemic levels of C-reactive protein (CRP) as well as certain cytokines and chemokines, e.g. interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a), are elevated in individuals with clinical depression (Dantzer and Capuron, 2017; Köhler et al., 2017; Shariq et al., 2018) , and it has been suggested that lowgrade inflammation is, in part, responsible for the increased rate of coronary heart disease found in this population (Chrysohoou et al., 2018; Halaris, 2017) . Likewise, inflammatory processes are a hallmark etiological factor in cancer development and progression and are expressed not only at tumor sites but also peripherally (Chan et al., 2015; Diakos et al., 2014; Hanahan and Weinberg, 2011; Li et al., 2017b) . There is now increasing evidence from clinical studies that peripheral levels of pro-inflammatory biomarkers, (e.g., CRP) are predictive of cancer risk and survival (e.g., Allin et al., 2012; Zheng et al., 2016) .
During acute inflammatory responses, the brain recognizes cytokines as molecular signals of sickness. This happens either through indirect, but relatively fast pathways, with cytokines activating afferent neural pathways (e.g., branches of the vagus nerve), or through more direct, but relatively slow pathways, with cytokines acting on a number of cell types in the brain (e.g., macrophage-like cells and endothelial cells of brain vessels) causing local cytokine production (e.g., Dantzer and Capuron, 2017; McCusker and Kelley, 2013) . Both of these pathways as well as others less well studied, have been demonstrated to induce a syndrome of common symptoms of sickness, such as anhedonia, https://doi.org/10.1016/j.bbi.2018.04.005 0889-1591/Ó 2018 Elsevier Inc. All rights reserved.
